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Objective: This study evaluated trends in hospitalizations, treatment, and mortality of ruptured abdominal aortic
aneurysms (rAAAs) in the United States Medicare population.
Methods: The Medicare inpatient database (1995 through 2006) was reviewed for patients with rAAA and AAA by using
International Classification of Disease (9th Clinical Modification) codes for rAAA and AAA. Proportions and trends were
analyzed by 2 analysis, continuous variables by t test, and trends by the Cochran-Armitage test.
Results: During the study period, hospitalizations with the diagnoses of rAAA declined from 23.2 to 12.8 per 100,000
Medicare beneficiaries (P< .0001), as did repairs of rAAA (15.6 to 8.4 per 100,000; P< .0001). No change was observed
in AAA elective repairs. The 30-day mortality rate after open repair of rAAA decreased by 4.9% (from 39.6% to 34.7%;
P  .0007 for trend) for the age group 65 to 74 and by 2.4% (from 52.9% to 50.5%, P  .0008) for the age group >75.
Perioperative mortality after endovascular repair diminished by 13.6% (from 43.5% in 2001 to 29.9% in 2006;
P  .0020). Mortality among women was higher than among men (51.1% vs 40.0% in 2006). The demographics of
patients treated for rAAA changed to include a greater proportion of women and patients aged >75 years.
Conclusion: A significant decrease has occurred in the number of patients who have a diagnosis of rAAA and undergo
treatment, but there has been no change in repairs of AAA. The perioperative mortality rate has improved due to the
introduction of endovascular repair and a small but progressive improvement in survival after open repair for patients
aged 65 to 74 years. ( J Vasc Surg 2008;48:1101-7.)Ruptured abdominal aortic aneurysm (rAAA) remains
among the most morbid diagnoses in vascular surgery.1
Significant morbidity and mortality persists despite ad-
vances made in the repair of intact abdominal aortic aneu-
rysms (AAAs). During the last decade there has been a
surge in the use of endovascular techniques to treat AAAs.
The morbidity and mortality associated with elective endo-
vascular AAA repair (EVAR) is diminished compared with
open repair.2,3 This reduction in mortality after intact
EVAR was also observed for rAAAs undergoing EVAR in
many centers.4
Two major factors could potentially have influenced
the overall frequency of aneurysm repair. The minimally
invasive endovascular treatment may be a more attractive
alternative to patients. EVAR also allows for the repair of
AAAs in patients previously deemed unfit for open repair
because the perioperative event rate is significantly less than
conventional repair of AAAs.5,6 In contrast to these incen-
tives, which support a higher utilization of AAA repair, the
threshold for repair of intact AAAs has evolved from 4.5 to
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The ultimate goal of aneurysm detection and treatment
is to prevent rupture and its consequence, which is usually
death. Thus, an appropriate surrogate for the effectiveness
of our efforts to treat AAA in the United States would be
the frequency that patients are hospitalized or treated for
rAAA. A previous report from our group using the Nation-
wide Inpatient Sample (NIS) database revealed that during
a 20-year period from 1979 to 2002, the frequency of
treatment of intact AAA did not change.2 We recently
acquired the Medicare database for the years 1995 through
2006, which contains all discharges and longitudinal infor-
mation for Medicare fee-for-service patients. Given the
stable rates of elective AAA repair, surgical advances, and
changes in demographics, we used the Medicare data set to
address whether the frequency of rAAA and its mortality
has changed in recent years.
METHODS
Data sources and study population. The Medicare
Inpatient Standard Analytical files from 1995 through
2006 were used to identify discharges with the Interna-
tional Classification of Diseases (ICD-9-CM) diagnoses
code of 441.3 (aortic abdominal aneurysm, ruptured, any
position) or 441.4 (aortic abdominal aneurysm without
mention of rupture, any position). The Medicare Inpatient
Standard Analytical file contains data on all Medicare-
reimbursed hospitalizations, except those delivered to ben-
eficiaries enrolled in Medicare-administered health mainte-
nance organizations (HMOs). Approximately 10% (7.1% in
1994 and 17% in 2006) of elderly and disabled patients
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in this study. The data were obtained from the Center for
Medicare and Medicaid Services through the Research
Data Assistance Center (resdac@umn.edu).
The Medicare Inpatient Standard Analytical file is a
national data set derived from hospital discharge abstracts.
The data set includes patient demographics, admission
type, discharge disposition, hospital and provider informa-
tion, patient diagnoses (admitting, primary, and up to 10
secondary diagnoses), procedures (up to 6), and detailed
charge data.
The Inpatient Standard Analytical files were supple-
mented with Medicare Denominator files from 1995
through 2006. The Denominator file contains demo-
graphic, geographic, and vital status data on all Medicare
beneficiaries as well as an indicator of HMO participation.
The number of patients enrolled in a Medicare HMO or a
fee-for-service program, gender distribution by year, and
patient date of death were derived from Denominator files
( http://www.cms.hhs.gov/MedicareMedicaidStatSupp/
downloads/2007Table2.1b.pdf).
Patients who had an ICD-9-CM diagnosis of rAAA or
AAA without mention of rupture (in any position) were
included in this analysis. Those who underwent repair were
identified with the ICD-9-CM procedural codes detailed in
the Table, in either a primary or secondary position. The
number of discharges for patients who had AAA as one of
their multiple diagnoses was used as a surrogate of AAA
frequencies. We assumed that the higher the prevalence of
AAA, the higher the number of patients hospitalized with
this diagnosis.
Statistical analysis. The rates for total number of
discharges and number of AAA repairs were calculated by
dividing the total number of discharges with AAA diag-
noses or procedures, respectively, by Medicare population
enrolled in fee-for-service program. All rates were ex-
pressed per 100,000 Medicare fee-for-service beneficiaries
Table. International Classification of Diseases, 9th
Clinical Modification, diagnostic and procedural codes
used to derive the study population
Code Description
Diagnostic
441.3 Aortic abdominal aneurysm, ruptured
441.4 Aortic abdominal aneurysm without mention
of rupture
Procedural
39.71 Endovascular implantation of graft in
abdominal aorta
38.44 Resection of abdominal aorta with replacement
39.25 Aorta-iliac-femoral bypass
39.52 Other repair of aneurysm
38.34 Resection of abdominal aorta with anastomosis
38.64 Other excision of abdominal aorta
38.40 Resection of vessel with replacement,
unspecified site
38.60 Other excision of vessels, unspecified sitepopulation. A subgroup analysis of hospitalizations withrAAA diagnoses or rAAA repairs by gender was also per-
formed. Univariate analyses were conducted using t tests
for continuous variables and 2 or the Fisher exact test for
dichotomous variables. Confidence intervals (CIs) for rates
were calculated using normal approximation to the bino-
mial distribution. Linear regression analysis was used to
analyze trends in per capita hospitalizations. The Cochran-
Armitage test was used for trend analysis. Statistical signif-
icance was expressed as both P values and 95% CIs. Values
of P  .05 were considered significant. All statistical anal-
yses were performed using SAS 9.1 software (SAS Institute
Inc, Cary, NC).
RESULTS
Medicare is a federal insurance program that provides
coverage for Americans aged65 and for the disabled. The
number of beneficiaries enrolled in fee-for-serviceMedicare
programs increased from 34million in 1994 to 35.5million
in 2006. In this time period, 4,339,886 hospitalizations
were identified with a diagnosis of AAA. Among these were
74,686 (1.7%) hospitalizations with the diagnoses of rAAA.
During the same time period, 50,996 repairs of rAAAs
(2115 endovascular and 48,881 open procedures) were
performed for 50,824 patients (71.6%male). Of all patients
admitted with a rAAA, 93.01% were white, 4.45% were
African American, and 2.54% were of other ethnicities. The
age of patients hospitalized for a rAAA increased signifi-
cantly, from 76.6 years in 1995 to 78.4 years in 2006 (P
.0001).
We first queried whether there had been a change in the
frequency of AAA rupture during the period of observa-
tion. From 1995 through 2006, there was a significant
decrease in both the number of hospitalizations with the
diagnosis and interventions for rAAA (Fig 1, A). The
decline in hospitalizations was from 23.18 to 12.81 per
100,000 during study period (P  .0001 for trend; r2 
.9695). The decline in rAAA repair was from 15.64 to 8.45
per 100,000 Medicare beneficiaries during the same time
(P  .0001 for trend; r2  .9695). Because both admis-
sions for the diagnosis of and repair for rAAA declined in
parallel, the ratio of hospitalizations for rAAA diagnoses
compared with rAAA interventions was constant through-
out the study period (approximately 66% to 69%; Fig 1, B).
From 1995 through 2006, the total number of hospi-
talizations with the diagnosis of AAA increased from 296 to
341 per 100,000 Medicare beneficiaries (P  .0013; r2 
.7436). However, the number of elective AAA repairs
remained stable for the period of observation, at approxi-
mately 83 per 100,000 Medicare beneficiaries (P  .1746;
r2  .1193; Fig 2). The decline in the frequency of admis-
sions for rAAA was notable and significant in both men and
women, albeit significantly more pronounced in men. Par-
alleling the known gender differential in incidence of AAA,
we found that men were more likely to undergo repair of a
rAAA thanwomen (Fig 3,A). In 1995menwere diagnosed
with rAAA at a rate of 40 per 100,000 male beneficiaries.
This number declined to 19 by 2006 (52% decrease in
..
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nosed with rAAA also decreased during the study period,
but to a lesser degree, from 11 to 7 per 100,000 female
beneficiaries (26% decrease; P .0001; Fig 3,A). The ratio
of interventions to hospitalizations for rAAA averaged 73%
in men and 56% in women (Fig 3, B). These data show that
whenwomen are admitted with the diagnosis of rAAA, they
are less likely to be treated.
From 1995 through 2006, the age of men hospitalized
with a rAAA increased from 75 to 77 (P .0001), and the
age for women increased from 79 to 81 (P  .0001). The
mean age during the entire study period was 76.4 years for
men (95% CI, 76.3-76.4 years) vs 79.9 years for women
(95% CI, 79.8-80.0 years; P  .0001).
During the study period, the age composition of pa-
Fig 1. Trends in (A) the hospitalizations with diagn
abdominal aortic aneurysms (rAAA) and p(B) ratio of
among Medicare beneficiaries from 1995 through 2006
Fig 2. Trend in (A) the hospitalizations with diagnose
aortic aneurysms (iAAA) and in (B) the ratio of interve
among Medicare beneficiaries from 1995 through 2006tients who underwent repair changed. The percentage ofpatients aged 65 to 74 decreased progressively from 49.7%
in 1995 to 38.7% in 2006, with a parallel increase in
patients aged ’75 from 50.3% in 1995 to 61.3% in 2006.
Although an increase in mortality might be expected with
increasing patient age, there was no change in perioperative
mortality after open repair (P  .3101 for trend) and a
progressive decrease in mortality after EVAR since 2001
(Fig 4, P  .0020 for trend). Interestingly, when we
stratified open mortality by age groups, we observed a
modest but progressive improvement in perioperative sur-
vival for patients aged 65 to 74 (P .0007 for trend) as well
as for older patients (P  .0008 for trend; Fig 5).
A gender differential was also identified in mortality
rates after repair of rAAA. The average mortality rate after
repair of rAAAwas 43.5% inmen and 52.3% in women (P
(black circles) and repairs (white circles) of ruptured
s (open circles) to hospitalizations with rAAA diagnoses
ck circles) and repairs (white circles) of intact abdominal
s (black circles) to hospitalizations with iAAA diagnosesoses
repairs (bla
ntion.0001). This difference was 8% (95% CI, 4.73%-11.25%) in
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was not an improvement over time (Fig 6).
DISCUSSION
Rupture of an AAA is associated with a grim prognosis.
The overall mortality rate after rupture is estimated at up to
90%,9,10 and only 50% of those patients who are hospital-
ized for rAAA survive surgical intervention.10-13 This is in
vast contrast with the outcomes for repair of intact AAAs,
where the operative mortality is 2% to 8%.13 Estimates of
the incidence of rAAA vary widely, and little is known about
recent trends in the number of rAAAs diagnosed and
treated. Most ruptures occur out of the hospital, and con-
sequently, it is impossible to measure their frequency. We
therefore used the number of patients that were hospital-
ized and treated for rupture as a surrogate for the frequency
Fig 3. Trends in (A) the diagnoses and repairs of ruptu
in (B) the ratio of interventions to hospitalizations for m
tions with diagnoses of rAAA for men; 2, hospitalization
men; 4, repairs of rAAA for women.
Fig 4. Trend in 30-day mortality after ruptured abdominal aortic
aneurysms repair with open (black circles) and endovascular (endo,
white circles) repairs. Error bars indicate 95% confidence interval.of rAAA.In 1995, 23.2 patients per 100,000 Medicare benefi-
ciaries were hospitalized with diagnoses of a rAAA. During
the 12 years analyzed in the current study, the number of
hospitalizations of rAAA decreased to 12.8 per 100,000
beneficiaries (P .0001). This is likely a significant under-
representation of the actual number of patients who suc-
cumbed to rAAA becausemost patients die before receiving
medical attention. The number of patients who underwent
intervention for rAAA also dramatically decreased during
the same 12-year period. Cowan et al,14 using the National
Impatient Sample (NIS) database from 1993 to 2003,
identified 14,642 rAAA repairs and found the rates of rAAA
to be stable at 1 to 3 per 100,000 capita. The higher rate of
interventions reported in our study reflects the higher risk
bdominal aortic aneurysm (rAAA) hospitalizations and
lack symbols) and women (white symbols). 1, hospitaliza-
h diagnoses of rAAA for women; 3, repairs of rAAA for
Fig 5. Change in 30-day mortality after ruptured abdominal aor-
tic aneurysm repair by patients aged 65 to 74 years (white circles)
and those aged 75 years (black circles). Error bars indicate the
standard deviation.red a
en (b
s witof interventions among the population of Medicare bene-
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database. In an evaluation of a 5% sample of the Medicare
beneficiary data (Beneficiary Encrypted File), rAAA repairs
decreased from 18.7 per 100,000 in 1994 to 13.6 per
100,000 in 2003.15 This parallels our data that show these
rates to be 15.6 per 100,000Medicare beneficiaries in 1995
and 8.4 per 100,000 beneficiaries in 2006.
This decrease in both hospitalizations and procedures
for rAAA coincided with an increase in the number of
hospitalizations for intact AAA from 296 in 1995 to 341
per 100,000 beneficiaries in 2006 (P  .0001). It thus
appears that more aneurysms are being identified, or at least
more patients are being hospitalized with AAA as one of
their diagnoses. It might be hypothesized that the observed
decrease in rAAA would also coincide with an increase in
the number of intact AAA repairs. Presumably, elective
repair of large aneurysms prevents subsequent rupture.
Another potential explanation for the increase in number of
admissions for the diagnosis of AAA is that there has been
shown to be not an insignificant increase in readmissions
for patients who have EVAR, and those patients may be
inflating the admission pool of those patients with the
diagnosis of AAA. Our study was based on total patient
admissions and not specific patients. Perhaps screening
programs or the variety of noninvasive imaging tests that
are now available have led to themore frequent discovery of
large aneurysms that were then treated electively and not
allowed to rupture.16-18 If this were true, the number of
repairs of intact AAA would be increasing. However, anal-
ysis of the Medicare data set does not show this to be the
case, as the number of intact AAA repairs has remained
stable from 1995 through 2006 (Fig 2).
As previously mentioned, many changes have occurred
in treatment of aneurysms during the past decade, includ-
ing the introduction of EVAR and a major shift in the
threshold for aneurysm repair. Hidden within the demon-
Fig 6. Trend in 30-day mortality after ruptured abdominal aortic
aneurysm repair for men (black circles) and women (white circles).strated stable rate of intact AAA repair may be patients withlarge aneurysms (5.5-cm diameter) previously deemed
unfit for open repair that are now being treated with EVAR,
coinciding with increasing nonsurgical observation for
small aneurysms because of the new threshold.7,19 These
two simultaneous changes in the inclusion and exclusion of
AAA patients for repair may be responsible for the constant
rate of overall intact AAA repair. Because large data sets do
not provide information about the size of aneurysms at the
time of repair, it is impossible with the data we have
available to test this hypotheses.
Previous studies of perioperative mortality rates after
rAAA reported different trends: Bown et al20 reported a
reduction in open operative mortality of approximately
3.5% per decade during a prolonged period (1954 to 1997)
derived by meta-regression analysis, whereas for a more
recent period (1994 to 2003), Dillavou et al15 observed a
stable overall mortality rate. Our study identified a statisti-
cally significant drop that occurred from 1995 through
2006 in overall 30-day mortality after repair of rAAA,
which included a decreasing mortality rate after EVAR and
a stable mortality rate after open repair (Fig 4).
We observed a similar progressive decline in mortality
(3.7% over a decade) as described by Bown for patients
aged 65 to 74 as well as for patients aged 75 in open
repair (Fig 5). However, overall mortality after open repair
remained stable due to the growing proportion of patients
aged 75, whose mortality rate is about 15% higher than
for patients aged 65 to 74.
Dillavou et al,15 who focused on a more recent decade
than Bown et al,20 reported a stable overall mortality rate.
The reason of the difference between our results and the
Dillavou et al results may be due to the use of different
methodology. Dillavou et al used a 5% sample of Medicare
data and in-house mortality, whereas our study used a more
through evaluation of 100%Medicare hospitalizations with
a 30-day mortality calculation. Our study also included an
additional year of observation, which encompasses the sur-
vival improvement of patients who had EVAR and the
growing use of this procedure for rAAA repair.
When we evaluated the effect of EVAR on death, our
results agreed with other studies that found a beneficial
effect of EVAR in rAAA.21,22 Increased usage of this tech-
nology will likely sustain continuous improvement in sur-
vival in the future.
A number of substantial differences between men and
women with regard to rAAA were observed in the current
analysis. The number of men admitted with rAAA signifi-
cantly decreased (52.5%) during the period studied. This
decrease was responsible for the overall decrease in the
number of rAAA admissions because a similar trend was not
observed in women. In addition to a gender differential in
the diagnosis of rAAA, a gender differential was also noted
in the percentage of patients who came to intervention for
a rAAA, because men were more likely to undergo repair
than women. We also observed a gender differential in
death after repair of rAAA. The average mortality rate after
repair of rAAA in men was lower than in women. These
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ers.15,23,24
One might conclude from the current results that we
have made progress in our ability to treat aneurysms in
men, but not in women. There are a number of possible
reasons for this differential. Perhaps due to the lower inci-
dence of AAA in women, we have not been as attentive to
women with our screening efforts. Alternatively, we may be
using an incorrect threshold when recommending aneu-
rysm repair in women; it has been demonstrated that aneu-
rysms in women rupture at a smaller size than in men.25,26
Reasons for the discrepancy in rates of treatment may
include the fact that women are significantly older at the
time of presentation for rupture and often have more
complex anatomy than men, with short infrarenal necks
and diseased and small iliac vessels making them less likely
to be offered EVAR and more likely to have complex open
repairs or be observed. Nevertheless, none of these limita-
tions seem sufficient to deter attempts at aneurysm repair in
women with rupture considering that the alternative is
death. Regardless of the reason, these data suggest that we
need to focus on ways to decrease the incidence of rupture
in women and to ensure that when women are admitted for
rupture, they are treated equally.
There are limitations associated with the use of large
data sets. The Medicare data set used in this study includes
only patients aged65.However, studies that use alternate
data sets such as the NIS, which samples a broader popula-
tion, have reached similar conclusions. Specific drawbacks
to the use of administrative data sets include the lack of
information about the severity of comorbidities. Diagnosis
codes are broad and provide limited detail about the spe-
cific disease state.
An additional limitation important to the analysis of the
current data set is the lack of information about patient
anatomy.We are not able to identify which of these patients
had diseased iliac arteries, nor do we know the size of the
aneurysms treated.
Lastly, as with all administrative data sets, there is the
potential for coding inaccuracies and oversights.27 The
effect of coding issues is likely diminished by the “random-
ization” of systematic errors that results when massive num-
bers of observations are statistically analyzed.6 These limi-
tations aside, the distinct advantage of administrative data
bases such as this Medicare data set, is the large sample size.
CONCLUSIONS
A significant decrease in the number of Medicare ad-
missions and procedures for rAAA was identified. Differing
from previous reports, we are seeing a continued gradual
diminution in the 30-day mortality associated with rAAA
repairs. Our study found a more dramatic decrease in rAAA
mortality in those patients who were treated with EVAR.
These data suggest that we are making progress in our
ability to treat aneurysmal disease, since prevention of
rupture is the ultimate goal. The reason for this success is
not completely clear, although one must concluded thatlarge and potentially dangerous aneurysms are being iden-
tified and treated more frequently.
Our success in the treatment of aneurysms, thus far, has
been confined to men, suggesting the need to reevaluate
our approach to aneurysmal disease in women. Despite the
progress that has been made, a large number of individuals
still succumb to aneurysmal disease. The overwhelming
mortality associated with rAAA strongly supports the de-
velopment of screening programs to identify patients at
high risk for AAA and evaluation of their cost-effectiveness.
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